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Abstract 

Used engine oil is generated in significant amounts by the 

regular disposal of spent oil from internal combustion 

automobile engines. Due to rising industrial growth and 

population increase, the global energy demand has surged 

dramatically in recent years. This situation has resulted in a 

notable scarcity and shortfall in energy supply. An energy crisis 

occurs when there is a major disruption in the availability of 

energy resources to an economy. In response to the energy crisis, 

efforts have been made to manage waste while gaining insight 

into the economic advantages and technological developments 

that have established used engine oil as a reliable and effective 

source of heat for small to medium-sized industrial applications. 

This research study has identified used engine oil as a valuable 

fuel for a specially designed and constructed low-pressure air 

atomizing burner. This burner was tested and achieved a 

maximum flame temperature of 1040°C, based on an optimal 

combination of operational factors: pressure at 2 bars, used 

engine oil droplets at 120 droplets per minute, impeller speed at 

2000 revolutions per minute, and a nozzle aperture of 0.625 or 

62.5%. The energy produced by this air atomizing burner is 

applicable for home, industrial, and commercial uses 

Keywords: Design, Performance evaluation, used engine oil, air 

atomization, low pressure 

1. Introduction 

As a result of increase in industrial development and population 

growth, global demand for energy in recent years has increased 

tremendously. The phenomenon has led to high scarcity and 

shortage in energy demand, solution to eradicate energy crisis is 

to move towards renewable resources but it has few hard-core 

drawbacks, so that can be overcome by shifting to the best 

solution resource recovery program. [1][4][2] 

Conventional liquid spray atomization technology has been 

designed and optimized for low viscosity fluids, such as 

kerosene, jet fuel, diesel, and water that are pumped at high 

pressure [5]. In contrast, used engine oil is highly viscous [6]. 

The primary approach to atomizing used engine oil occurs as the 

liquid flows out of the orifice, the air cross streams of fragment 

the liquid surface and then entrain and carry the atomized liquid 

out of the nozzle [7]. This method has been successfully 

demonstrated for both conventional liquid and alternative, highly 

viscous fuels such as vegetable oil and glycerol [8-10].  

Used oil is obtained in large quantity by routinely changed 

engine oil. Managing the waste engine oil with a better 

understanding of the economic benefits and technology makes 

the used oil a dependable source of heat. Burning used engine oil 

to obtain free heat in an eco-friendly way helps to enhance 
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energy source and protect water and soil resources from oil 

pollution when discarded in soil or water [3] 

Used oil is a major potential source of environmental pollution 

and also a potential source for energy recovery. Hence 

development of a technique to provide a method for managing 

used engine oil in a used engine oil burner very important. The 

study deals with design, development and performance 

evaluation of low pressure air atomizing used engine oil burner. 

Burning used engine oil is one of the easiest methods of handling 

used engine oil which is inexpensive and easy to handle  

2.0 Methodology 

2.1 Collection of used engine oil 

Used engine oil is consistently accessible at engine oil bunk 

locations. It can be gathered and recycled, but the expense of 

refining it is greater compared to utilizing it as a sustainable 

energy source in burners. 

 

Plate 1: Assortment of spent engine oil 

Plate 1 shows a collection of used engine oil from an internal 

combustion engine. 

2.2 Characterization of used engine oil. 

The properties of used engine oil were analyzed to determine its 

viscosity, specific gravity, flash point, fire point, and calorific 

value using various equipment: a Redwood Viscometer, a 

Hydrometer, a Pensky-Martens apparatus, and a Bomb 

calorimeter, respectively. 

 

2.3 Design consideration 

Torque on the blower impeller 

The impeller is attached to the rotating shaft of the electric motor. The generated torque must stay within the permissible limits to 

ensure the shaft remains undamaged. This conclusion was stated by Gbabo et al. (2003). 

 

Tq = 60P/2πN     ………………. …………………………………………..………………………………………     1 

 

Tq = Torque on the shaft (Nm) 

 

N = speed of the shaft (rpm) 

 

P = power transmitted (Watt) 

 

π = constant (3.14) 

 

Impeller Design:  

Impeller Tip Speed (U2): U2 = πD2N / 60……………………………………….…………………………2  

(Where: D2 is the impeller outlet diameter; N is the rotational speed in rpm).  

Blade Number (Z): Z = 6.5 * (D2 + D1) / (D2 - D1) * sin (β1 + β2). ………………………………3 

 

Absolute Outlet Angle (α): tan(α) = Vr2 / (2U2). …………………………………………………....4  

 

Virtual Pressure Head (Hv): Hv = (U2^2 - U1^2 + Vr2^2 - Vr1^2) / (2g). …………………...5 

 

Effective Head (Hef): Hef = η * Hv…………………………………………………………………………..6  

 

Pressure Ratio (ε): ε = (P2 / P1) …………………………………………………………………………….…7 
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Volute Casing:  

Arc Method: This method is used to determine the shape of the volute casing, using inlet and outlet radii.  

Other Considerations:  

Flow Rate (Q): Q = 2πr1b1v1. ……………………………………………………………………………………8 

Pressure Rise (ΔP): ΔP = ρ * (U2^2 - U1^2) / 2………………………….……………………………….9  

Eulerian Work (W): W = ΔP / ρ……………………………………………………………………………….. 10 

Efficiency (η): η = (Head imparted by impeller) / (Input Power)………………………………11.  

 

2.4 Air supply 

For complete combustion, the primary requirement is an 

adequate supply of air. A minimum of 2 to 4 cubic feet per 

meter of compressed air is necessary to atomize any fuel oil. 

Given that used engine oil has a higher viscosity compared to 

virgin engine oil, a heater is utilized to lower its viscosity, 

along with a blower that provides air to assist in the 

atomization process. 

2.5 Used oil supply 

For a gravity-fed oil burner, the oil tank is placed at a height 

of one meter to facilitate the smooth flow of oil from the tank. 

A tap is used to control the flow of oil; additionally, a 

preheating element is integrated into the oil tank to warm the 

oil, which helps to reduce its viscosity. However, in this 

situation, the air volume displacement of the compressor is 

greater than what is needed, making the preheating of oil 

unnecessary. 

2.6 Experimental procedure 

The Low Pressure Used Engine Oil Air Atomizing Burner was 

installed according to the schematic diagram. The oil tank is 

equipped with built-in heating elements to decrease the 

viscosity to the specified level. The blower was activated, and 

the oil valve was opened, leading to successful atomization. 

The atomized used engine oil was ignited, and the 

experimental parameters were established following the 

experimental matrix run sheet.  

3.0 Results and Discussion  

Characterization of used engine oil is presented in Table 1. 

Table 1: Characterization of used engine oil is presented 

Properties of used engine 

oil 

Results 

Flash point 105 oC 

Fire point 130 oC 

Viscosity 65.5cs 

Specific gravity 0.713 

Calorific value 38,600KJ/Kg 

Density 713Kg/m3 

 

Table 1 displays the characterization results for the used 

engine oil, including the flash point, fire point, viscosity, 

specific gravity, calorific value, and density, which are 

recorded as follows: 105 °C, 130 °C, 65.5 cs, 0.713, 38,600 

kJ/kg, and 713 kg/m³, respectively. 

 

 

 

 

Table 2: Experimental run sheet for Performance Evaluation of a Low-Pressure Spent Engine Oil Air Atomizing Burner. 

  
Factor 1 Factor 2 Factor 3 Factor 4 Response 1 
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Std Run A: Pressure B: Oil droplets C: Speed D: Nozzles opening Base Flame Temp. 

  
(Bar) (drops/min) (rpm) (Turn) (Celsius) 

15 1 2 120 2000 0.00567231 880 

7 2 1 180 3000 1 900 

4 3 1 180 1000 1 950 

6 4 1 60 3000 0.25 970 

13 5 2 120 318.207 0.625 980 

20 6 2 120 2000 0.625 1020 

17 7 2 120 2000 0.625 1030 

1 8 3 180 3000 0.25 1020 

12 9 2 220.908 2000 0.625 1040 

2 10 3 180 1000 0.25 890 

3 11 3 60 3000 1 899 

8 12 1 60 1000 0.25 999 

16 13 2 120 2000 1.25567 1000 

19 14 2 120 2000 0.625 980 

10 15 3.68179 120 2000 0.625 980 

5 16 3 60 1000 1 989 

21 17 2 120 2000 0.625 980 

18 18 2 120 2000 0.625 990 

14 19 2 120 3681.79 0.625 990 

9 20 0.318207 120 2000 0.625 997 

11 21 2 19.0924 2000 0.625 900 

 

The quadratic regression equation that fitted the data is given 

by Eq. (12). Y is the independent variable (Base flame 

temperature), A–D are the coded values of the independent 

variables. Eq. (12) suggested that the Base flame temperature 

has linear and quadratic effects on four variables; the 

coefficient with one factor represents the single effect of the 

particular factor, while the coefficient with more than one 

factor represents the interaction effect between those factors. 

A positive sign indicate that the term has a synergetic effect, 

while a negative sign indicate an antagonistic effect of the 

factor. 

Y (Base Flame Temp.) = +1001.2 -5.05A +41.62B -1.62C +36.72D 

+54.34AB +14.87AC +53.75AD                      

+24.87BC-2.43BD -30.12CD -5.43A² -11.97B² -6.67C²-

23.20D²…..Eq. (12) 

The adequacy of the model was tested using the Design Expert 

sequential model sum of squares and the model test statistics. 

From the statistical analysis, the regression coefficient (R2 = 

0.9361), the predicted R2 of 0.9060 is in reasonable agreement 

with the Adjusted R2 of 0.9571; the difference is less than 0.2. 

The test result is presented in Table 3. 

 

Table 3: Significance of regression coefficients of the Base flame temperature 

Source Sum of Squares df Mean Square F-value p-value 
 

Model 44768.37 14 3197.74 7.69 0.0007 Significant 

A-A Pressure 144.50 1 144.50 0.3476 0.0040 
 

B-B Oil droplets 9800.00 1 9800.00 23.57 0.0028 
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C-C Speed 36.03 1 36.03 0.0867 0.0004 
 

D-D Nozzle opening 7485.02 1 7485.02 18.01 0.0005 
 

AB 9678.58 1 9678.58 23.28 0.0029 
 

AC 1770.12 1 1770.12 4.26 0.0046 
 

AD 9572.53 1 9572.53 23.03 0.0030 
 

BC 4950.12 1 4950.12 11.91 0.0136 
 

BD 19.55 1 19.55 0.0470 0.0005 
 

CD 7260.12 1 7260.12 17.46 0.0058 
 

A² 440.79 1 440.79 1.06 0.0029 
 

B² 2142.44 1 2142.44 5.15 0.0137 
 

C² 664.60 1 664.60 1.60 0.0030 
 

D² 7823.27 1 7823.27 18.82 0.0049 
 

 

Analysis of Variance (ANOVA) 

The ANOVA result for the model terms are given in Table 3. 

ANOVA was applied to estimate the significant of the model 

at 5% significance level as shown in Table 3.  The model is 

considered significant if the p-value (significance of 

probability value) is less than 0.05. From the p=value 

presented in Table 3, it can be stated that all the linear terms 

A, B, C and D interaction terms AB, AC, AD, BC, BD, CD 

and quadratic terms A2, B2, C2, D2 were significant model 

terms. The coded equation is useful for identifying the relative 

impact of the factors by comparing the factor coefficients. 

The  and predicted plot is shown in figure 1. It can be 

observed that the data pointed on the plot were linearly 

distributed, indicating a good relationship between the 

experimental and the predicted values of response. It also 

suggested that the selected quadratic model was proper and 

adequate in predicting the response variables foe the 

experimental data. 

 

Figure 1: Plot of predicted value against the experimental 

value of the Base flame temperature.  

 

 

Figure 2: Perturbation plot of interaction of process variables 

A perturbation curve serves as a visualization instrument that 

illustrates how the output of a system varies when a single 

input factor is altered while keeping all other factors 

unchanged. It aids in identifying which factors exert the most 

considerable influence on the system's behavior and 

demonstrates the output's sensitivity to modifications in each 

factor. The perturbation plot allows for comparison of the 

effects of all factors at a specific location within the design 

space. The response is depicted by varying only one factor 

across its range while maintaining all other factors at a 

constant value. By default, Stat-Ease establishes the reference 

point at the midpoint (coded 0) of all factors. However, you 

can modify this to any chosen point (the optimal run 

conditions for combination of operational factors: pressure at 
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2 bars, used engine oil droplets at 120 droplets per minute, 

impeller speed at 2000 revolutions per minute, and a nozzle 

aperture of 0.625 or 62.5% ) through the use of the factors 

tool. Considering figure 2 above, B and D has the steepest 

slope among the curves showing that they have stronger effect 

to the output factor than A and C. 

 

 

Figure 3: Three Dimensional surface plots showing the effect 

of Nozzle opening and Speed of impeller rotation on the Base 

flame temperature. 

Figure 3 depicts the interaction effect between Nozzle opening 

and Speed of impeller rotation on the Base flame temperature. 

The figure shows that Base temperature increase with increase 

in Nozzle opening and Speed, this trend is as a result of 

positive single of Nozzle opening and Speed of impeller 

rotation on the Base flame temperature. 

 

Figure 4: Three Dimensional surface plots showing the effect 

of Nozzle opening and Pressure on the Base flame 

temperature. 

Figure 4 depicts the interaction effect between Nozzle opening 

and Pressure on the Base flame temperature. The figure shows 

that Base temperature increase with increase in Nozzle 

opening and Pressure, this trend is as a result of positive single 

of Nozzle opening and Pressure on the Base flame 

temperature. 

 

Figure 5: Three Dimensional surface plots showing the effect 

of Nozzle opening and Speed of impeller rotation on the Base 

flame temperature 

Figure 5: depicts the interaction effect between Oil droplets 

and Pressure on the Base flame temperature. The figure shows 

that Base temperature increase with increase in Oil droplets 

http://ijsrp.org/


International Journal of Scientific and Research Publications, Volume 15, Issue 7, July 2025              235 

ISSN 2250-3153   

  This publication is licensed under Creative Commons Attribution CC BY. 

10.29322/IJSRP.15.07.2025.p16321     www.ijsrp.org 

and Pressure, this trend is as a result of positive single of Oil 

droplets and Pressure on the Base flame temperature. 

 

Figure 6: Three Dimensional surface plots showing the effect 

of Nozzle opening and Speed of impeller rotation on the Base 

flame temperature. 

Figure 6: depicts the interaction effect between Speed and 

Pressure on the Base flame temperature. The figure shows that 

Base temperature increase with increase in Speed of impeller 

rotation and Pressure, this trend is as a result of positive single 

of Oil droplets and Pressure on the Base flame temperature 

 

Figure 7: Three Dimensional surface plots showing the effect 

of Nozzle opening and Speed of impeller rotation on the Base 

flame temperature. 

Figure 7: depicts the interaction effect between Speed and 

Pressure on the Base flame temperature. The figure shows that 

Base temperature increase with increase in Speed of impeller 

rotation and Pressure, this trend is as a result of positive single 

of Oil droplets and Pressure on the Base flame temperature 

 

Figure 7: Three Dimensional surface plots showing the effect 

of Nozzle opening and Speed of impeller rotation on the Base 

flame temperature 

 

Figure 8: Three Dimensional surface plots showing the effect 

of Nozzle opening and Speed of impeller rotation on the Base 

flame temperature. 

Figure 8: depicts the interaction effect between Speed of 

impeller rotation and Oil droplet on the Base flame 

temperature. The figure shows that Base temperature increase 

with increase in Speed of impeller rotation and Pressure, this 

trend is as a result of positive single of Oil droplets and Speed 

of impeller rotation   on the Base flame temperature. 

 

Table 4:  Variation of Pressure with Flame length  

Pressure (Bar) Flame length in 

(millimeter) 

Flame length in (millimeter) 

½  turn on of the oil valve 

Flame length in (millimeter) 

¾  turn on of the oil valve 

Flame length in 

(millimeter) 
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¼ turn on of the oil 

valve 

Full  turn on of the oil 

valve 

0.5 500 1500 2000 3000 

1.0 1000 2000 3000 4000 

1.5 1700 2800 4000 5200 

2.0 2500 3500 5000 6500 

2.5 2400 3200 4600 6300 

 

 

 

Figure 9: Variation of Pressure with Flame length 

 

Table 4 and Figure 9 demonstrate how pressure varies with flame length; it is clear that as pressure rises, the flame length also 

increases until an optimal pressure of 2 bars is reached and further increase in pressure could not show further increase in flame 

length. 

 

Table 5: Variation of pressure with Base temperatures, Core temperatures and Tip temperatures respectively. 
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Figure 10: Variation of Pressure against Base temperatures, Core temperatures and Tip temperatures respectively. 

 

Table 5 and Figure 10 illustrate the relationship between pressure 

and base temperatures, core temperatures, and tip temperatures. 

It is clear that a rise in pressure leads to an increase in base 

temperatures, core temperatures, and tip temperatures. 

 

 

Plate 2: The output flame of Air Atomizing Used Engine Oil 

Burner 

 

 

 

Figure   Side view of Air Atomizing Used Engine Oil Burner 

 

4.0 Conclusion 

These burners are suitable for various uses, including residential, 

industrial, and commercial applications, serving as a heat source 

for boilers in power plants, for heat treatment processes in 

furnaces, and in forging processes. The recycling of used engine 

oil is not considered economically viable, and its disposal poses 
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environmental concerns. Therefore, this waste product is 

evaluated for its fluid characteristics and certified with specific 

traits similar to those of virgin oil, recognizing it as a viable 

option for heat recovery and a means to address energy 

challenges in the country. 
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